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ABSTRACT 

This study iiivestigated: (1) the relationship between 
the development o£ information processing capacity and certain 
Piagetian logical reasoning abilities; and (2) how the development o£ 
these cognitive abilities related to acquisition o£ certain 
measurement concepts* Forty first-grade children were individually 
administered tests o£ conservation o£ length and number, transitivity 
o£ length, information processing capacity, and basic length 
measurement concepts* The Piagetian measures o£ logical reasoning 
were positively correlated with information processing capacity, but 
the measures o£ information processing capacity failed to account for 
much of the variability of performance on the logical reasoning 
tasks* Some children at the highest levels of processing capacity 
failed the logical reasoning tasks and some at the lowest level 
passed them, suggesting that the logical reasoning tasks are not 
simply measures of information processing capacity* Furthermore, 
information processing measures accounted for 25% of the variance in 
performance on the linear measurement tasks, and length conservation 
accounted for an additional 23%* Although these two measures 
accounted for almost iialf of the variance, it is not clear that they 
represent prerequisites for learning basic length measurement 
concepts* Some children at low levels on both measures successfully 
completed the measurement tasks* (Author/MKS) 
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Abstract 



This study investigated the relation between the development of information 
processing capacity and the development of certain basic logical reasoning abi^ 
lities characterized by Piaget and how the development of these sets of 
cognitive abilities related to children's acquisition of certain measurement 
concepts. A group of 40 first-grade children were individually administered 
tests of conservation of length, conservation of number, transitivity of length, , 
three measures of information processing capacity, and a test of basic length 
mi^i^surement concepts. 

The basic Piagetian measures of logical reasoning were positively correlated 
with information processing capacity, but the measures of information processing 
capacity failed to account for much of th3 variability of performance on the 
logical reasoning tasks. Some children at the highest levels of processing capac- 
ity failed the logical reasoning tasks and some at the lowest level passed them. 
This suggests that the logical reasoning tasks are not simply measures of informa- 
tion processing capacity, furthermore, using step down regression techniques in 
which the infoirmation processing measures were entered first, conservation of 
L<^ngth accounted for a significant portion of the variance on the mathematical 
concepts test not accounted for by information processing capacity. Information 
processing measures accounted for 25 percent of the variance in children's per- 
formance on the linear measurement tasks and length conservation accounted for 
an additional 23 percent. Although these two measures accounted for almost half 
of the variance, it is not clear that they represent prerequisites for learning 
basic length measurement concepts. Some chiiclren at low levels on both measures 
successfully completed the measurement tasks. 
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Information Processing Capacity, Logical Reasoning Ability, 
and the Development of Measurement Concepts 



James Hiebert 
University of Kentucky 



Thomas P» Carpenter 
University of Wisconsin 



Purpose 



The study of cognitive development has identified two fundamental di-* 
men£;ions along which development proceeds* The first is logical reasoning 
ability of the kind described in Piaget*s work (cf. Piaget, 1952; Piaget, 



Inhelder & Szeminska, I960)* This includes the ability to conserve quantity 
under spatial transformations and to make transitive inferences* These two 
abilities in particular have received much attention in mathematics education 
research aimed at tracing the development of basic mathematical concepts 
(Carpenter, 1980)* 

The second major dimension of cognitive development can be described 
in terms of an increasing ability to deal with several alternatives simulta^ 
neously (Bruner, 1966; Carpenter, 1975; Inhelder, 1972)* This has also been 
referred to as an increase in working memory or information processing capac- 
ity (Case, 1979; Pascual-Leone, 1970)* Young children have an especially 
limited capacity to coordinate and integrate "chunks'* of information, a 
limitation which may be critical in mathematics Instruction conte^cts (Carpenter, 
1979, 1980)* 

Logical reasoning ability and information processing capacity represent 
fundamental dimensions of cognitive development which may have Important 
implications for how children learn mathematics* However, at present, little 
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is known about the role tliey play in the acquisition of mathematical concepts!" 
Furthermore, even though these dimensions are theoretically related (Inhelder, 
1972; Pascual-Leone, 1970), little information is available which verifies 
this relationship* The purpose of this study is to provide this information 
by focusing on certain logical reasoning abilities, several measures of informa- 
tion processing capacity, and certain basic measurement concepts* There are 
three specific objectives of the study; (a) to examine the relationship between 
ttic two developmental dimensions and children's knowledge of linear measurement 
concepts; (b) to investigate the relationship between the developmental dimensions 
themselves; and, (c)to establish the degree of association between different mea- 
sures of information processing capacity* 

Background and Rationale 
The development of logical reasoning ability has been studied most com- 
pletely within the framework of Piaget's theory* Because many of these abili- 
ties, such as conservation and transitivity, are closely tied to mathematical 
concepts they have received much attention in the research literature* From 
a logical perspective, abilities like conservation and transitivity are re*- 
quired to solve a variety of arithmetic and measurement problems* For example, 
the notion of cardinal number is based on matching sets, and the matching re- 
lation assumes conservation* Therefore conservation shou3.d be required for 
any meaningful concept of number* Conservation and transitivity also play a 
critical role in measurement operations. It is difficult to see how lengths 
can be mean** .;gfully compared or measured if the child believes that simply 
moving a length, or altering its path, will change its size, i*e*, if the child 
fails to conserve* In addition, all indirect comparisons, as well as unit 
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iteration, require transitive inferences between equalities or order relations. 

The limitation of this analysis is that it is based only on logical con- 
siderations, and children's logic is different than adults' logic. If chil- 
dren are not asked specific conservation questions, these questions do not 
occur to them; and children ignore the fact that their judgements depend 
upon certain prerequisite knowledge that they lack. There is ev> .ence that 
children who are pre-operational in Piagetian. terms can successfully apply 
avairietyof number, measurement, and geometric conc^ts and skills (Carpenter, 1980). 

Some research efforts have been directed toward establishing the relation** 
ship between basic Piagetian constructs and children's learning of mathematics. 
One approach has been to correlate perforniance on a test of Piagetian tasks 
with some measure of mathematics achievement (cf. Cathcart, 1971; Dimitrovsky 
fir Almy, 1975; Kaufman fit Kaufman, 1972; Steffe, 1970). These studies have 
found high positive correlations, even when IQ is held constant (Steffe, 1970). 
?urthermore performance on Piagetian batteries administered in kindergarten 
appears to be an excellent predictor of mathematics achievement as much as 
three years later (Beari&on, 1975; Dimitrovsky & Almy, 1975)* These high 
positive correlations do not imply, however, that the logical skills of corn 
servation and transitivity are required for learning mathematical concepts. 
The high correlations may simply indicate that the Piagetian tasks are good 
measures of a general cognitive ability, such as the ability to process infor- 
mation* Both the Piagetian tasks and the mathematical tasks may require an 
ability to attend to, and process, several pieces of information at the same 
time. Rather than serving as genuine prerequisites for mathematics learning, 
these logical reasoning skills may simply indicate the level of processing 
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capacity av<iilable to the child* 

A geneVfil integration or information processing capacity has* fact^ 
been proposed as the fundamental characteristic of cognitive development 
(Case, 1979; Pascual-Leone, 1970). From this perspective^ children*s im- 
proved performance with age on both the Piagetian tasks and mathematical 
tasks presumably reflects a developmental increase in this processing capac- 



ity* Unf ottunately^ little evidence is available which might substantiate 
or refute this conjecture. 

The relationship between i'^formation processing and mathematics learning 
has been scarcely researched. This is in spite of the fact that information 
processing capacity may be the critical limitation in children's mathematics 
learning (Carpenter, 1979; Case» 1975» 1978). YounS children are still quite 
limited in their ability to deal with all of the information demands of complex 
task<j* Yet instructional tasks require children to receive^ encode, and inte- 
grate a substantial amount of information* Children's performance in inathema" 
tics instruction situations may be limited by their restricted capacity to 
deal with all of the incoming information. 

Research using specially designed instructional tasks has shown that chil- 
dren's learning is constrained by their information processing capacity (Case» 
1972* 1974a, 1974b; Parkinson, 1975). After instruction, children were found 
to succeed only on those tasks which made processing demands within the range 
of their processing capacity* Although the limits of learni<ig laboratory 
tasks have been predicted with impressive accuracy, little is known about 
the role of information processing capacity in performing school mathematics 
taski;* A major objective of this study was to investigate the relationship 
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between inl:onoat:ion processing capacity and mathematical performance. The 
intent was to determine whether processing capacity accounts for a signifi- 
cant amount of variation in performance on mathematical taskb. 

An equally important question was whether information processing capac- 
ity accounts for all explained variation on the mathematical tasks or whether 
logical reasoning ability accounts for an additional portion of variance* The 
Piagetian tasks may simply represent good measures of processing capacity, 
and may have little explanatpry power beyond that captured by more con- 
ventional measures of processing capacity* To ^he extent that performance 
on Piagetian tasks accounts for variation in performance on mathetoatical tasks 
in addition to that explained by information processing capacity, the logical 
reasoning abilities identified by Piaget might be considered to be related 
to mathematics performance independently of processing capacity* In other 
words, Piagetian tasks vould be measuring an ability important for mastering 
mathematical tasks which could not be completely explained in information 
processing terms* 

In addition to examining the relative contributions of these two cogni- 
tive variables in explaining mathematical performance, the present study di*- 
rectly investigated their relationship* Although the development of logical 
abilities can be described in information processing terms (Carpenter, 1975; 
Inhelder, 1972; Klahr & Wallace, 1976; Pascual-^Leone, 1970) little empirical 
data is available on the relationship between the two* 

Several researchers have considered the relationship between information 
processing capacity and logical reasoning ability by analyzing Piagetian tasks 
in terms of their information processing demands* These include conservation 
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of substance (Hamilton & Moss, 1974), conservation of quantity (Klalir & 
Wallace, 1976), transitivity (Klahr & Wallace, 1976), length seriation (Baylor 
& Lemoyne, 1975), weight seriation (Baylor & Gascon, 1974; Baylor & Lemoyne, 
1975), class inclusion (Klahr & Wallace, 1976; Pascual-Uone & Smith, 1969), 
bending rods (Case, 1974b), and combinatorial reasoning (Scardamalia, 1977)* 
All of these, studies carried out a logical analysis of the task either for 
descriptive purposes or to identify critical parameters which could be mani-' 
pulated empirically* However, none of the above studies included data on 
the relationship between a subject's information processing capacity and 
performance on the conventional Piagetian task in question* 

Two recent studies contain slightly more information on this relationship* 
Hamilton and Launay (1976) administered both a conservation of substance task 



and an information processing task to the same group of subjects* They found, 
as hypothesized, significant differences between groups of subjects classified 
as good", poor-, and non-cons ervers on the information processing task* How- 
ever the conservation task was a nonstandard pictorial task and no correlation- 
al data are presented* A study by Lawson (1976) is apparently the only one 
which reports correlations between conservation ability and information 
processing capacity. He administered four conservation tasks (number, sub- 
stance, liquid, and weight) and one information processing task (backward 
digit span) to 82 children ages 4.4 - 6^5 years. Pearson r correlations be- 
tween M-space and conservation performance ranged from .17 for weight to *50 
for number. With age partialed out the correlations ranged from .11 to .43* 
Although most correlations were significant, at least at the .05 level, they 
are not as high as one might expect if conservation ability is strictly a 
function of information processing capacity. 




One objective of the current study was to investigate the relationship 
between logical reasoning ability and InformaUon procoflsing oaparlty ancJ to 
determine i£ some minimum capacity is required to conserve or reason transi- 
tively* The question o£ interest was whether Piagetian tasks tap a unique 
form of logical reasoning or whether they simply represent alternate measures 
of processing capacity. 

A final objective of this study was to exaujine the interrelationship be- 
twoen various measures of information processing capacity. Although the de-' 
velopment of this capacity is considered to be an important characteristic 
of cognitive growth, it has proven to be a difficult construct to operationalize 
Information processing capacity has been conceptualized in different ways, but 
it is commonly recognized that working memory is a critical part of this capac- 
ity (Case, 1978). Information processing capacity is a type of short-term 
memory plus a transformation process. Information is not only stored bui: is 
also acted upon in some way. The problem is that in order to measure a child*s 
capacity, one must know how much information must be processed to complete the 
given task. Since different subjects approach tasks in different ways, the 
demands of the task may change from subject to subject. 

One way to begin working on this problem is to empirically determine the 
relationship between suggested measures of working memory. These measures 
have been specially designed so that children will approach them in similar 
ways, i.e., they will use similar strategies to solve them. Therefore, the 
processing demands of the tasks should be similar for all children. This means 
that they should be reliable measures of capacity, and as «!uch should correlate 
highly* 
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Given this background information, the objectives of the study can be 
explicitly stated as follows: 

la* What percentage of variation in mathematical performance is 
accounted for by information processing capacity? 

lb. What percentage of additional variation in mathematical 
performance is accounted for by logical reasoning ability? 

2* Is there a significant relationship between information 
processing capacity and logical reasoning ability? 

3* Is there a significant relationship between various measures 
of information processing capacity? 

Procedures 

Sub j acts 

The sample consisted of 40 first**grhde children drawn from two elementary 
schools located in rural communities in central Wisconsin. This age group 
was chosen since some variance on both types of developmental tasks could be 
expected with the children of this age* The Piagetian tasks would not be 
particularly interesting with older children, and younger children may have 
a difficult time with some of the information processing tasks. 
Tasks 

Three groups of tasks were included in this study; mathematical tasrks, 
Piagetian tasks measuring logical reasoning ability, and measures of informa- 
tion processing capacity. 

Mathematical tasks . The mathematical tasks selected for this study were 
three linear mttasurement tasks- The tasks involved several fundamental ideas 
oE linear measurement and required more than the application of simple measuring 
skills or techniques. They required logical-mathematical knowledge, in the 
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Plagetian sense (piaget, 1964), In that they Involved some of the fundamental, 
logical notions of measurement* Recent research suggests that basic cognitive 
abilities may be more closely related to learning these kinds of mathematical 
concepts than to acquiring mathematical skills (Steffe, Spikes & Hirstein, 
Note 1). In order to maximize the possibility of uncovering significant re-- 
lationships between the two cognitive dimensions and mathematical performance, 
tasks were chosen which embodied basic concepts of linear measurement and 
which were presumed to require logical**mathematical knowledge* 

The first task involved the use of an intermediate, continuous representa-- 
tion to compare and order lengths. Children were asked^ to drive their toy 
car the same distance as a second car driven by the experimenter on an adja** 
cent road. The roads were placed to prevent correct visual solutions and the 
children were given a blank strip to "help them measure*" 

The second measurement task involved the use of a discrete representation 
to construct a straight path equal in length to a given polygonal path. This 
task involved the concept of length additivity and the notion of length as the 
linear distance between endpoints. Children were given a collection of Cuisenaire 
rods and were asked to make a straight road on which there was "just as far to 
walk" as the crooked road. 

The third measurement task required children to iterate units and focused 
on the idea of assigning numbers to lengths and using these numerical measures 
to compare and order lengths* Children were given a single Cuisenaire rod 
and were asked to determine which of two strips was longer* The strips were 
placed in a "T" to prevent correct visual comparisons* 

A complete description of the tasks, the protocols used to administer 
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them, and the scoring criteria are given In Appendix A. 

Logical reasoning tasks . Logical reasoning abilities were assessed 
using PiagGtlan tasks of number conservation <two forms), length conserva-* 
tlon (two forms), and length transitivity (two forms). Prom a logical per- 
spective, length conservation and length transitivity are prerequisites for 
carrying out meaningful measurement operations. Consequently, performance 
on these tasks was expected to relate highly to performance on the measurement 
ta3k<;. However, as stated previously, the anticipated correlations may result 
from the fact that these i^lagetlan tasks measure a general performance ability 
rather than representing genuine prerequisites. Number conservation tasks 
were Included in the test battery In order to check this possibility. Since 
logical number skills are largely unrelated to the measurement tasks used In 
this study, number conservation should correlate lower than length conserva-* 
tlon and length transitivity, provided that the latter two tasks measure 
prerequisite abilities. On the other hand, if the tasks are simply general 
ability measures, they should all correlate equally well with mathematical 
task performance. 

In the number conservation tasks, children were asked to lay out a row 
of cubes x^lch had just as many as the experimenter* s row. In Form 1 of the 
task the cubes In one of the rows were spread apart and the child was asked 
about the equality of the two sets; In Form 2 the cubes In one of the rows 
were collapsed Into two compact sets and the child was asked a similar question. 

Form 1 of the length conservation task Involved bending the longer of 
two wires so that It was transformed from initially appearing longer to ul" 
timately appearing shorter than the other wire. After each of two transf onoatlone 
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th£: child was asked about the relative lengths of the two wires* Porjn 2 
of length conservation required the child to reaffirm the equality of two 
sticks after one of them was moved "ahead" of the other. 

Both forms of the length transitivity task required the child to infer 
the relative lengths of sticks A and C after direct comparison had shown A 
to be longer than intermediate stick B, and B longer than C. Form 2 of 
the task contained a Mileller-Lyer illusion and Form 1 did not. 

Complete descriptions of the tasks, protocols, and scoring procedures 
are present in Appendix A. 

Information processing tasks . Three tasks tjere used to assess information 
processing capacity. The first was a backward digit span task modified from 
Lawson (1976). Digit span has traditionally been used to measure processing 
capacity because of the face validity of its requirement that the subject 
remember and operate on several units of information simultaneously, In the 
task used here, children were read a series of digits and were asked to re*- 
peat them backwards. Ten trials of length 2-, 3-, and 4-digits were included 
in the task. Testing stopped if the subject missed three consecutive trials, 
and subjects were scored by placing them into one of five categories based 
on the number of correct responses. | 

The second information processing task was a number sequencing task intro^ 
duced by Case (l972). From a logical perspective, this task has requirements 
similar to the backward digit span task. .Children are briefly shown a series 
of numbers presented successively and, except for the last. In ascending order 
of magnitude, e.g.^ 6, 9, 11* 7. The object is to place the final number In 
Its correct position within the ordinal series. In this study, children were 
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presented with five trials of 1-, 2-, and 3-digit series* Scoring procedures 
placed each child into one of four categories based on the largest series 
mastered* 

The third inf ooaation processing task was a symbol substitution task taken 
from Hamilton and Launay (1976) « As in the previous two tasks, this task pre- 
sumably requires the subject to receive, temporarily maintain, and transform 
or operate on several bits of information in order to respond appropriately. 
Children are asked to demonstrate this processing behavior by substituting 
a sequence of signs or symbols in chain*-like fashion before selecting an ap* 
propriate response* The processing demand of the task is systematically niani-^ 
pulated by varying the number of substitutions required and the number of 
stimuli presented simultaneously* Children in this study were asked to make 
a series of two and three substitutions and were scored into one of three 
categories based on the largest number of substitutions mastered* 

Complete descriptions of these tasks, protocols for administering them, 
and detailed scoring procedures are presented in Appendix A« 
Design ' 

The intent of this study was to explore the relationship between several 
variables. As such it was a descriptive study and the design was a simple 
one suitable for correlational procedures « All subjectsj received all of the 
tasks in an individual interview situation* The tasks were administered in 
two brief sessions several days apart* The tasks were partitioned into two 
sets by placing one form of each logical reasoning (Piagetian) task in each 
s^t and randomly assigning the measurement tasks and the information process-^ 
ing measures to one of the two sets* Half of the sample was randomly selected 
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Lo receive Set 1 on the first day, the other halt received Set 2 on the first 
day* Within each set the order of the tasks x*as randomized and then the 
tasks were administered in the same order to each subject. 

Results 

Order Effects 

Effects of the presentation orders, Set 1 - Set 2 and Set 2 - Set 1 were 
assessed by comparing mean scores of the two groups on each variable. T^tests 
showed no significant differences (cc = .01) between the two groups on any of 
the variables. The two order groups were merged for the remaining analyses. 
Information Processing Measures 

Before relating the logical reasoning and information processing tasks, 
or determining the amount of variation in linear measurement performance acT 
counted for by these cognitive abilities, it x*as necessary to select the "best" 
measure of information processing capacity. Cronbach's alpha was computed to 
assess the internal consistency of the three information processing tasks. 
The overall alpha was .53, but this rose to .60 with the symbol substitution 
task deleted* This task also showed a substantially lower corrected item- 
total correlation <.24) than the backward digit span task <.40) or the number 
sequencing task <.54)* Consequently, most of the remaining analyses used 
backward digit span and number sequencing performance as measures of process- 
ing capacity. 

Information Processing Capacity and Logical Reasoning Ability 

For purposes of examining relationships between information processing 
capacity and logical reasoning ability, scores on the two forms of the 
Piagetian tasks were summed to create single scores for number conservation. 
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length conservatioot and length transitivity. Pearson correlation coeffi- 
cients between these measures and the information processing tasks are shown 
in Table 1. 

The symbol substitution task once again showed its unique character by 
the strikingly low correlations between performance on this task and perfor- 
maace on the logical reasoning tasks. An explanation for the lack of relation- 
ship between this task and the others is the ceiling effect generated by the 
high level of performance on this task. Thirty-ste of the 40 children achieved 
a maximum score of 2 resulting in a luean score of 1.85 for this item. 

Correlations between the other two information processing tasks and the 
logical reasoning tasks ranged from ,19 between backward digit span and length 
transitivity to .54 between number sequencing and number conservation. Although 
most correlations were significant near the .01 level, performance on one task 
usually accounted for less than 20% of the variance in performance on the other. 

In order to check whether some minimum level of information processing 
capacity was required to conserve or reason transitively, contingency tables 
were constructed for each logical reasoning task using backward digit span 
and number sequencing as measures of information processing capacity. Table 
2 presents these results using backward digit span, and Table 3 presents the 
results with the number sequencing t:ask. 

Regardless of which measure of information processing capacity was usc:d, 
fiomo children who evidenced a low capacity were successful on the logical rea- 
soning task. Furthermoret not all children who demonstrated a high capacity 
were completely successful on the logical reasoning tasks. In other words, 
the off-diagonal cells in these tables were not always empty. 
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Table 1 

Correlations Between Perfomance On Logical Reasoning Tasks 
and Information Processing Tasks 





Backward 
digit span 


Number 
sequenc- 
ing 


Symbol 
substitu- 
tion 


Length 
conserva- 
tion 


Length 
transitiv- 
ity 


Number 
conserva- 
tion 


Backward 
digit span 


1,000 


.45 
P= .00 


.05 
P= .38 


.35 
P^ .01 


.19 
P= .12 


P= 


.34 
.02 


Number 
Sequencing 




1,000 


.32 
P= .02 


.38 
.01 


.40 
?= .01 


P- 


.54 
.00 


Symbol 

substitution 






1,000 


.04 
P= .41 


-.06 
P« .36 


P= 


.25 
.06 


Length 
conservation 








1,000 


.23 
P= .08 


.p= 


.57 
.00 


Length 
transitivity 










1,000 


P= 


.20 
.11 
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Table 2 

Contingency Tables: Backward Digit Span 
and Logical Reasoning Abilities 



Developmental 
level 



Backward digit span 



Number conservation 

0 
1 
2 
3 
4 

Length conservation 

0 
1 
2 
3 
4 

Length transitivity 

0 
1 
2 
3 
4 



4 
0 
4 
0 
3 



0 
5 
5 
0 
1 



5 
1 
3 
1 
1 



3 
1 
1 
0 

10 



0 
3 
5 
0 
7 



2 
1 
3 
2 
7 



2 
1 
0 
0 
8 



0 
2 
4 
1 
4 



1 
2 
3 
0 
5 



0 
0 
0 
0 
3 



0 
0 
1 
0 
2 



1 
1 
0 
0 
1 



^Although five scoring categories were established, no subject scored in the 
lowest category. 
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Table 3 

Contingency Tables; Number Sequencing 
and Logical Reasoning Abilities 



Developmental 
level 



Number sequencing 



Number conservation 

0 
1 
2 
3 
4 

Length conservation 

0 
1 

2 
3 
4 

Length transitivity 

0 
1 

2 
3 
4 



6 
1 
2 
0 
1 



0 
5 
3 
1 
1 



4 
1 
2 
1 
2 



1 
0 
1 
0 
5 



0 
2 
3 
0 
2 



4 
1 
1 
0 
1 



0 
1 
1 

G 
4 



0 
1 
3 
0 
2 



0 
1 
2 
0 
3 



2 
0 
1 
0 
14 



0 
2 
6 
0 
9 



1 

2 
4 
2 
8 
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Cognitive Abilities and Mathematical Performance 

A single score for mathematical performance was created by stuTiming 
the three measurement task scores. Correlations between the cognitive task 
scores and this composite mathematical score are presented in Table 4. Of 
the cognitive variables, length conservation was related most strongly to 
mathematical performance (r = .64) while length transitivity showed the weak- 
est relationship <ir = .23). 

A regression analysis was run on mathematical performance using a 
hierarchical stepwise procedure in which the information processing measures 
were entered as the fivst set of predictors, followed by the set of logical 
reasoning tasks. This procedure pemitted an assessment of the maximum amount 
of variation explainable hy information processing variables, and the addi- 
tional amount of variation, if any, explained by logical reasoning factors. 
It also provided information on the best single predictor within each set. 
Table 5 summarizes the results from this regression analysis. 

Together, the information processing measures accounted for 25% of 
the variation in children's performance on the linear njeasurement tasks. Al'- 
most all of this portion was explained by the number sequencing task alone. 
An additional 23% of the variance was accounted for by the logical reasoning 
tasks, all of it by length- conservation. The standardized regression co- ^ 
efficients support the interpretation that the number sequencing and length 
conservation tasks ijere the be^l predictors of measurement performance. 
Once the variation accounted for by these factors was removed, the other 
three tasks added little to the regression equation. 

Although logical reasoning ability^ in particular length conservation, 

■ 26 
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Table 4 

Correlation? Between Cognitive Abilities 
and Mathematical Performance 



Cognitive Correlation with 

abilities task measurement score 



Backward digit span .32 .02 

Number sequencing .49 ,00 

Length conservation *64 ,00 

Length transitivity .23 .06 

Number conservation '47 .00 
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Table 5 

Multiple Regression; Measurement 
Perforroance on Cognitive iibilities 



Variable Multiple ^ change Standardized re- 

gression coefficient 



Number sequencing 


.49 


.24 


.24 


.29 


Backward digit span 


.50 


.25 


.01 


.01 


Length conservation 


.69 


.48 


.23 


.53 


Length transitivity 


.69 


.:i8 


.00 


-.02 


Number conservation 


.69 


.48 


.00 


.01 
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did account for a substantial portion of variation In measurement performance 
not explained by the Information processing measures, It Is not yet clear 
whether they should be regarded as prerequisite abilities* Tables 6 and 7 
are contingency tables which Show measurement task performance at each 
level of length conservation and length transitivity, respectively* Number 
conservation was not Included In this analysis since this ability does not 
logically appear to be a potential prerequisite for linear measurement* 

Table 6 shows that mosf: of the subjects who mastered the measurement 
tasks had achieved conservation* However there are a number of counter- ex-' 
amples which suggest that the forms of length conservation assessed here were 
not required to measure successfully* The data in Table 7 suggest that length 
transitivity is also not a prerequisite for learning many basic measurement 
concepts* 

Discussion 

The major goal of this study was to investigate the relation between 
the acquisition of certain basic measurement concepts and the development 
of more general cognitive abilities that might be prerequisites* From an 
instructional point of view, the question of whether the learning of certain 
mathematical concepts df^perds upon the development of basic cognitive abili- 
ties is Important* There are potentially different instructional impllca* 
tlons if certain concepts are closely linked to underlying cognitive abili- 
ties whose development is difficult to accelerate than if this is not the t 
case* 

Unfortunately, there does not appear to be a simple answer to this 
question* Although certain cognitive abilities were positively correlated 
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Table 6 

Contingency Tables: Length Conservation 
and Measurement Task Performance 



Length conservation 



Level 0 1 2 3 ,J 

Measurement task 1 

0 0 8 12 1 4 

1 0 2 2 0 6 

2 0 0 1 0 4 

Meeisurement task 2 

0 0 7 11 0 5 

1 0 3 4 1 8 

2 0 0 0 0 1 

Measurement task 3 

0 0 8 5 0 0 

1 0 2 7 1 7 

2 0,0 3 0 7 
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Table 7 

Contingency Tables: Length Transitivity 
and Measurement Task Performance 



Level 



Length transitivity 



Metisurement task 1 

0 7 4 5 2 7 

1 2 12 14 

2 0 0 2 0 3 

Metisurement task 2 

0 6 2 6 2 7 

1 3 3 3 1 6 

2 0 0 0 0 1 

Measurement task 3 

0 2 3 4 1 3 

1 5 13 2 6 

2 2 1 2 0 5 
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with students* knowledge of basic measurement concepts, some students at all 
levols of cognitive ability were able to successfully perform the measurement 
tasks. Several factors may account for these findings. One possibility is 
that minimum levels of the basic logical abilities and information process-* 
ing capacity are not required to successfully learn the measurement concepts 
tested. From this point of view, one might argue that the positive correla** 
trions could result from the fact that the measures of cognitive ability and 
measurement concepts are all correlated with general intelligence. 

On the other hand minimum levels of certain of the cognitive abilities 
may in fact be required to successfully learn certain mathematical concepts but 
there also may be a certain amount of measurement error in determining children' 
level of cognitive ability or knowledge of measurement concepts, A slightly 
different perspective on this explanation is that certain minimum levels of 
logical skills or information processing capacity are required to successfully 
perform any tasks but other factors intervene which affect performance. In 
other words it is not possible to get a pure measure of information process- 
ing capacity or logical abilities because task variables affect the way 
that a particular cognitive ability is applied to a given task. For example, 
less familiar tasks may require a greater amount of information processing 
capacity for the executive routines that control the solution process. Con^ 
seqtiently, there is less processing capacity left to operate on the data in 
the problem to be solved. Thus, although processing capacity may limit per- 
formance in this case, a simple measure of processing capacity is not possible, 
be(:ause the processing capacity available to different problems may vary. 

Thus, these cognitive abilities may represent valid theoretical consttucts 
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and may be directly related to children's ability to learn specific mathema-^ 
tlcal concepts* Whether these constructs have an important educational ap- 
plication is another question altogether* Although conservation of measures 
of cognitive abilities accounted for almost half of the variance on the measure*- 
ment tasks, students at all levels of ability were able to solve each of the 
measurement tasks* Therefore, to say that a student who scored below a certain 
level on these measures of cognitive ability would be unable to or even unlikely 
to learn certain mathematical concepts would be inappropriate* 

Thus, although certain of the abilities investigated in this study may 
help explain children's difficulty in learning certain mathematical concepts in 
general terms, it appears unlikely that a valid readiness test based on these 
constructs can be developed to effectively identify children who would not 
be able to learn a particular mathematics concept* 
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Task Descriptions and Scoring Criteria 
Set 1 

ConservaCion of Length (Form i) 

Description * E lays out two Ri:raight wires of equal length with 
endpoints aligned and asks S^ to affirm tlieir equal length. K then moves 
one of the td^ros slightly forward and asks S^ if one of the wires is 
longer or if they are the same length* 

^ returns tlie v;irOR to their original positions, and after S reaffirms 
their equality t ittoves the other vire forward. S^ is again asked if 
one of the wires is longer or if they are the same length. 

=^ 

p ].'OLocol . E lays out two straight wires of equal length so the 

endpoints coincide. 

let's pretend that these two wires are ro:\ds. is there 
just as far to walk on this koad as this road, or is it 
farther on one of the roads? 

E moves one of the wlires slightly forward. 
NOW IS THERE AS FAR TO WALK ON THIS ROAD AS THIS ROAD, OR 
IS ONE OF THE ROADS FARTHER? 

(If the response is unclear or if the child does not seem 
to understand the question, rephrase it as follows.) 
IF TITO ANTS ARE WALKING, ONE ON TfHIS ROAD STARTING HERE, AND 
ONE ON THIS ROAD STARTING HERE, WOULD THEY BOTH WALK JUST 
AS FAR, OR WOULD ONE OK TllEM WALK FARTHER? 
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WOULD ONE 0? THEM BE MORE TIRED THAN THE. OTHER? 

WOULD ONE OF THEM HAVE TO TAKE MORE STEPS THAN THE OTHER? 

E returns the road to its original position so the 

endpoints coincide* 
SOW IS THERE JTJST AS PAR TO WALK ON BOTH THE ROADS OR IS 
IT FARTHER ON ONE OF THEM? 

E moves the other stick slightly forward* 
NOW IS THER JUST AS FAR TO WALK ON BOTH THE ROADS OR IS 
IT FARTHER ON ONE OF THEM? 

(Repeat clarification questions given above if necessary.) 
Scoring s Two responses are required* A score of 0^ or 2 is 
assigned corresponding to the number of correct responses « 
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Conr>ervation of Numb er <Fora 1) 

Dcscriprion. E lays out a row of 8 markers and asks S to lay out 
fl row of equal number (using different colored .markers). E then spreads 
out one of the rows and asks S whether one of the rows has more or if 
they have the same number* 

oooooooo ^ oooooooo 

oooooooo o o o o oooo 

Pr otocol * E lays out a row of 8 white blocks. 

PUT OUT AS MANY OF YOUR RED BLOCKS AS I*VE PUT WilTE ONES. 
MAKE SURE THAT YOUR ROW IIAS THE SAME NUMBER AS MINE. 

E arranges blocks, if necessary, into two same 
length rows. 

ARE THERE THE SME NUMBER OF RED BLOCKS AS WIITE OKES? 

If unsuccessful, terminate task. 
WATCH NOW, I*M GOING TO MOVE THE WHITE ONES. 

E spreads out white ones to form longer row. 
ARE THERE THE tAME NUMBER OF WHITE BLOCKS AS RED BLOCKS, 
OR DOES ONE COLOR HAVE MORE? 
WHY DO YOU THINK SO? 
iS coring . A score of 0, 1, or 2 is assigned according to the following 
criteria; 

0: Ificorrect response 

It mixed response (ctg,, changed rcspojise w)ien giving txplauation) 
2; correct response 

41 



Transitivity of Lcnftth (Fom 1) 

Description , Tuo sticks of different colors, 35 cm. and 36 cm. 
arc glued at slight angles on n cardboard backing. 



E places a third stick of 35.5 cm. next to one of the glued sticks 
and asks S to Identify the longer one. This Is repeated with the second 
gluod stick. 

E than sets the third stick aside and asks S to decide whether the 
gluod sticks are the same length or whether one of them is longe"^ S 
Is asked to give a reason for his/her response. 



LET'S PLAY A LITTLE GAME WITil THESE STICKS. 

E matches the Intermediate measuring stick (B) 
with the longer of the two stationary sticks (A), 

ARE TiiESE TWO STICKS CA & B) TilE SAME LENGTH OR IS ONE OF 

THEM 1J3NGER THAN THE OTHER? TiFHICH ONE? 

E then matches the measuring stick (B) with the 
shorter of the two stationary sticks (C). 

ARE THESE TWO STICKS (B & C) THE SAME LENGTH OR IS ONE OF 

THEM LONGER THAN THE OTHER? WHIQI ONE? 

SO THIS ONE (A) XS LONGER THAN THIS (B), AHD THIS ONE (B) 
IS LONCn THAN THIS(C), 




Protocol. 
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E then removes the laeasuring stick and focuses 



attention to the table. 



ARE THESE TOO STICKS <A & C) THE SAME LENGTH OR IS ONE OP 
THEH LONGER THAN THE OTHER? miCH ONE? 
WHY DO YOU THINK SO? 
Scoring^- A score of 0, 1, or 2 is given according to the following 



0; incorrect response 

1: correct response with incorrect explanation {e*g*, visual comparison) 
2: correct response vjith correct explanation (i.e., nn explanation 

indicating an application of the transitive rule: A > B and 

B > C => A > C). 



criteria: 





Measurcnicnt Task 2 

Description ^ E asks S to pretend that the crooked strip glued 
to the cardboard backing Is a curvy road or tJldevalk* S Is given an 
assortment of Culsenaire rods and is asked to construct a straight road 
on which there is just as far to walk, 



with the paper strip "road." 
LET'S PRETEND THIS IS A ROAD, A CUR\^ ROAD. COULD YOU MAKE 
A STRAIGHT ROAD WITII THESE PIECES WHICH IS JUST AS LONG AS 
THE CURVY ROAD? MAKE YOUR ROAD SO THERE IS JUST AS FAR TO 
WALK OW YOUR STRAIGHT ONE AS THE CURVY ONE. 

If S uses perceptual judgment, E lays out the first 

segment with the rods. 
IF WE LAY TIIESE PIECES LIKE THIS, WE KNOW THAT THE FIRST PART 
OF niE CURVY ROAD IS .TUST THIS FAR. COULD YOU FINISH BUILDING 
THIS STRAIGHT ROAD SO IT IS JUST AS LONG AS THE CURVY ROAD? 



Sco ring , A score of P, ,1, or 2 Is assigned according to the following 
criti>ri3 : 




Protocol. 



E lays out an assortment of Cuisenaire rods along 
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0; used perceptual strategy, even after demonstration 

1; aclileved a partially correct solution, or measured correctly 

after demonstration. 
2: measured correctly and achieved a correct solution before 

demonstration* 
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Number sequencln p* 
Description 

PretraininR . Each subject <5) is seated in front of the apparatus 
in Figure 1. 

As c 



* 34." 





Figure 1. Experimental apparatus used for pretraining. 
A - hooks on which marker may be placed; B - cards on 
which ascending series is stenciled; C ^ card on which 
the final numeral is stenciled; D - marker used to re- 
present final numeral* 
The experimenter <E) asks S to read the numbers aloud <2, 3, 5, 4) 
and to point to the place where the final number <4) belongs In the 
series. A marker is provided to represent the final number and S is 
asked to place the marker on the appropriate hook. Several trials are 
presented in which more than one number is omitted from the original 
series <e.g,, 3, 6, 8, 5)* The task remains the siime, to indicate with 



taken from Case, R. Validation of a neo-'Piagetian mental capacity 
construct* Journal ot Experimental Child PsycholoRy , 1972, 
287-302. 
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the marker Che position in the original series where the final number 
belongs* Testing is begun after four trials have been passed in a 
row under conditions where the final number has to be ordered with 
resi}ect to a single original number f rather than with respect to a 
series <e.g<, 8, 5), Subjects x^ho do nt^^^each criterion are excluded 
from the study. ^ ^ 

Testing.* Each S is again asked to indicate the correct position 
of the final number with respect to the original series. This time, 
however, S sees only one number at ^ time since the cards On which 
the numbers are stenciled are placed within the apparatus instead 
of on top of it (see Figure 2). 



Di/i 






Figure 2. Experimental apparatus used for testing. 

1 marker; 2 - hooks on which it ^^.y be placed; 

3 door concealing final numeral; 4 ^ doors concealing 

ascending series; 5 door handles. 
E opens the doors from left to right for about 1 1^2 sec. each. As 
he exposes each ntimber, E (who is sitting behind the apparatus) asks S 
to read it out to him. As soon as one door is closed, the next one 
is opened. The token cannot be placed until the final number has been 
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read aloud, and the final door has been closed. 

After one practice trial, five trials in each set are presented 
with the total number of ntuabers in each set Cincluding the one to 
be placed) equal to two, three, and four. Testing is terminated if 
S misses three or more trials in any given set. 

Protocol . S is seated in front of the apparatus which displays 
the series 2, 3, 5, - 4. 

READ THESE NIKIBERS ALOUD. 

POINT TO THE SPACE WHERE THE 4 BELONGS. IF YOU COULD MOVE THE 
4, WHERE WOULD YOU PUT IT SO ALL THE NUMBERS WOULD UE IN ORDER? 
PRETEND THIS MARKER IS THE 4. PUT THE MARKER IN THE RIGHT PLACE. 

S is presented with the. following 3 series and asked the 
same question. Feedback is provided to help S give the 
correct response. 

'3, 6, 8, - 5 
4, 7, - 2 
2, 8, 11, - 15 
S Is now presented with several one-digit series until 
four trials are passed in a row. 
8-5 
3-6 
12 -'9 
2-7 
16 - 18 
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10-5 
7 - 4 
8-12 

NOW HE ARB GOING TO PLAY THE SAIIE GAME OrfLY THIS TIME YOU WILL 
NOT BE ABl^ TO SEE AU THE KUftBEKS AT ONCE, I WILL SHOW THEM TO 
YOU ONE AT A TIM>: AND WHEN YOU HAVE SEEM ALL THE NUMBERS YOU CAN 
PUT THE MARKEH IK THE RIGHT POSITION. 
WHEN I OPEN THE DOORS, READ THE NUMBERS ALOUD, 

E opens the door from left to right. The doors are 

opened for about 1 1/2 sec. each, 

A practice trial is given with the series 6-9. Feed- 
back is provided if needed. 

The task series are then presented as shown on the 
response sheets 
Response Shciet. Mark + for correct, 0 for incorrect. 
Practice Trials 



8 - 


5 


3 - 


6 


12 - 


9 


2 - 


7 


16 - 


18 


10 - 


5 


7 - 


4 


8 - 


12 
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Test Trials 

5-7 5, 9-12 3, 8, 12 - 6 

13-9 12» 19-15 9, 11, 17-7 _ 

8 - 13 5,8-3 4, 11, 15-17_ 



15 - 19 12, 16 - 4 3, 9, 18 - 11_ 

10 - 4 10, 18 - 8 5, 7, 11 " 9_ 



Scoring Terminate the task after three errors in a set of five 
trials. Assign a score of 0, 1, 2, or 3 based on the number of sets 
in which the subject obtained three or more correct responses. 
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Set 2 

Conservation of length (Form 2) 

Description > E lays out two straight wires of unequal length so 
that one pair of endpoints coincide. After S has affirmed that one oi 
the wires is longer E bends the longer one so that bothp^i^ijof end- 
points are aligned. E then bends tlie longer wire again so that the 
furthest endpoint of the shorter wire protrudes beyond the longer wire. 
After each of the two transformations E asks tlie question "l^hich one 
is longer or are they the same?*' 
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Protocol. E lays out tlic two straight wires so that one pair 

of endpoints coincide. 
LET'S PRETEND THAT THESE TIW MIRES ARE KOADS. IS THERE JUST 
AS ?AR TO WALK ON THIS ROAD AS THIS ROAD, OR IS IT FAKTHER 
ON OHE or THE ROADS? 

E bends road A so the endpoints coincide. 
NOW IS THERE AS FAR TO WALK ON THIS ROAD AS THIS ROAD, OR 
IS ONE OF THE ROADS FARTHER? 

(If the response is unclear or if the child does not seem 

to understand the question, rephrase it as follows.) 

IF TWO ANTS ARE WALKING, ONE ON THIS ROAD AND ONE ON THIS ROAD, 

WOULD THEY BOTH WALK JUST AS FAR, OR WOULD ONE OFTilEHWALK 

FARTHER? 
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WOULD ONE OF Tl\m BE MORE TIRED THAN THE OTHER? 

WOULD ONE OF THEM HAVE TO TAKE MORE STEPS THAN THE oniER? 

E straightens' road A to original position, 
KOW IS THERE AS FAR TO WALK OK BOTH THE ROADS OR IS IT 
FARTHER ON ONE OF THEM? 

E bends A so that the' endpoint of B extends beyond 

that of A. 

NOW IS THERE AS FAR TO WALK ON THIS ROAD AS THIS ROAD, OR 
IS IT FARTHER ON ONE OF THE ROADS? 

(Repent clarification questions given above if necessary.) 
Scoring . Two responses are required. A score of 0, 1, or 2 is 
assigntid corresponding to the nunber of correct responses. 
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Syjnbol substitu tion* 

Description * Materials consist of stimulus cards, rule cards, 
and response cards. Stimuli are capital lettei's K and M for the l^ractice 
Set, A-D for Set 1 <ind K'-H for Set 2. Responses nre the numbers 11-14 
for the practice Set, l*-4 for Set 1, and the colors yellow, red, green, 
and blue for Set 2. Rules are the substitution cues which specify the 
correct response for each £>timulus* The following rules are arbitrarily 
defined; 





Practice Set 






Set 


1 






Set 2 








K 


= 0; O - 


12 


A 


= Oi 


O 


= 1 


E 


=^Oj O 


= 5 


; 5 = 


(yellow) 


L 


= A ; A = 


11 


B 


- Q; 


□ 


= 2 


F 


= Oj □ 


= 6 


; 6 = 


(red) 


M 




13 


C 


= A: 


A 


= 3 


G 




= 7 


; 7 = 


(green) 


N 


-0 ; 0 = 


14 


D 


= 0; 


<> 


= k 


H 


= 0:0 


= 8 


; 8 = 


(blue) 



After a brief training using s^timuli, rules, and responses in the 
Practice Set, the experiTDentor lays out all essential rule cards and 
response cards for Set 1* Tlie stitaulus cards are then presented one 
at a time to the subject nnd s/he is asked to point to the correct 
response. No time lirait is imposed but subjects are asked to work as 
quickly as they can. Set 2 is presented only if the subject is success* 
Tul with Set 1. 

modified from Hamilton, V., & Launay, G, The role of information- 
processing capacity in the conserving, operation, British Journal 
of Psychology . 1976, 67, 191-201* 
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Protocol * E lays out the practice response cards and the relevant 

rule cards in front of S. 
WE ARE GOING TO PLAY A DETECTIVE GAME WITH THESE CARDS. TUESli 
CARDS (RULES) GIVE YOU THE SECRET CODES WHICH HELP YOU SOLVE 
THE PROBLEM, AND THESE ARE THE ANSl^R CARDS. YOU USE THEM TO 
SHOW YOU HAVE SOLVED THE PROBLEl^. 
LET*S DO ONE FOR PRACTICE. 

E lays out stimulus card K. = Q) ? 0 = 12) 
READ THE CLUES CAREFULLY AND SEE IF YOU CAN FIND WHICH NUMBER 
GOES WITH K. 

E provides the help necessary so that S identifies the 

appropriate response, and e^tplains any procedure which 

appears unclear to S. 
LET'S PRACTICE ANOTHER ONE. 

E lays out card M, <M = Q > D = ^3) 
NOW WE ARE GOING TO PLAY THE GAME FOR REAL. SEE IF YOU CAN 
SOLVE EACH MYSTERY AS QUICKLY AS YOU CAN BUT BE SURE YOU ARE 
RIGHT ON EACH ONE. 

E lays out the Set 1 cards as indicated on the response 

sheet. The cards are layed out in columns but with 

linked clues non-adjacent. 
Response Sheet . Mark + for correct, 0 for incorrect. 



A 


= 0. 


o 


= 1 


E 




o 


= 5, 


5 = 


yel low 


B 


- □ . 


o 


= 2 


F 




□ 


= 6, 


6 = 


red 


C 


- A . 


A 


3 


G 




A 


•= 7, 


7 « 


green 


D 


-0 . 


0 


= 4 ' 


H 


-0. 


0 


= 8, 


8 = 


blue 
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Scoring * Tcrrain.ite the task after two errors in a set 
trials. Assign a score of 0, 1, or 2 based on the number o 
which th^ subject obtained three or more correct responses. 
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Conservation of Number (Form 2) 

Di^scrlPtion * E lays out a row of 7 red markers and 7 white markers 
and asks S to affirm their equality. E then rearranges one of the rows 
into groups of 3 and 4 and asks S whether the two original sets are 
equal or whether one of them has more. 

ooooooo ooooboo 

o ^ 
ooooooo oo ^^o 

Protocol. E lays out a row of 7 white blocks and 7 red blocks 

ARE THERE THE SAME NUMBER OF RED BLOCKS AS WHITE ONES? 

If unsuccessful, terminate task. 
VJATCH NOW, I'M GOING TO MOVE THE WHITE ONES. 

E groups the whites together into two fairly compact 
groups of 3 and 4 each. 
ARE THERE THE SA>IE NUMBER OF MUTE BLOCKS AS RED BLOCKS, 
OR DOES ONE COLOR HAVE MORE? 
\m DO YOU THINK SO? 
Scorin g. A score of 0, 1, or 2 is assigned according to the following 
criteria; 

0; incorrect response 

1; mixed response (< g. , changed response when giving explanation) 
2; correct response 
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Heafi uremcnt Task 3 

Description * S is given a small Cuisenairu rod and is askcri to find 
out Xi;hich oE the tvo strips is longer, 



strips and a 3 era. Caisenaire rod. 
COULD YOU FIND OUT TffllCH ONE OF THESE STRIPS IS LONGER? 
VOU CAN USE THIS LITTLE ROD TO HEL? YOU FIUD OUT. 

If S uses perceptual judgment, . . . 
CAN YOU USE THIS TO WAKE SURE YOU ARE RiOlT? 

If S is unsuccessful," E lays out the rod several times 

along one of the strips. 
PRETEND A MAN IS WALKING ALONG THIS ROAD AND THESE ARE 
THE STEPS HE IS TAKING. HOW MANY STEPS MUST HE TAKE TO WALK 
THE WHOLE WAY? 

Scorinj** A score of 0, 1, or 2 is assigned according to the following 



0: did not usti unit iteration to compare the two lenj;ths 

li iterated units bat used inaccurate technique, or iterated 

units correctly after demonstration. 
2i iterated correctly and achieved a corrc;ct solution before dcmonstrati 




Protocol. 



E lays out cardboard with two perpendicular paper 



criteria: 
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D** ac riptlon * IVo black-colored sticks, 28 cm. and 30 cm., are glued 
vertically about 25 cp. apart on a white cardboard baching, V-s>haped 
figures of black cardboard are attached to the ends of the sticks to 
create a Mueller-Lycr illusion. 

r 




E places a blue stick of 29 cm. next to one of the glued sticks 
and asks S to identify the longer one <S^ is reminded that the lengths 
of the sticks do not include "the things on the ends"). This is repeated 
with the second glued stick. 

E then sets the third stick aside and asks S to decide whether the 
glued sticks iire the same length or whether one of them is longer. 

Protocol t 

LET'S PLAY A LITTLE GAME WITH THESE STICKS. 

E matches the blue measuring stick vith the longer 

of the two black ones. 
ARE THESIS TWO STICKS THE SAME LENGIH OR IS ONE OF THEM LONGER 
THAN THE OTHER? I>ON*T INCLUDE THE THINGS ON THE END OF THIS 
ONE; JUST LOOK AT THE STICKS. IS ONE LONGER? WHICH ONE? 

E then matches the blue i^tick with the shorter 

black one. 
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ARK THESE TOO STICKS TllE SAME LEUGTH OR IS ONE OF TIIEM 
I^NGER THAN 'HIE OTHER? WHICH ONE? 

SO THIS ONE IS LONGER THAN THIS, AND THIS ONE IS LONGER THAN 
THIS. 

E removes the measuring stick and focuses attention 
to the table. 

ARE THESE TIiTO STICKS THE SAME LENGTH OR IS . ONE OF THEM LONGER? 

JUST LOOK AT THE STICKS, NOT TlIE THINGS ON THE ENDS. 

IS ONE OF THEM LONGER OR ARE THEY THE SWUi? 

WHY DO YOU THINK SO? 
Scoring , A score of 0, 1, or 2 is given according to the following 
criteria: 

0: incorrect response 

1: correct response with incorrect or incomplete explanation 
2: correct response vith transitive-based explanation 



% 
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Bf^ckward Mp^lt Span 

Description . The task requires subjects to repeat backward as 
many of 10 two-digit scrir^s, 10 three-digit series* and 10 four-dij;lt 
scries as possible. Testing Is discontinued when the subject fails 
three consecutive series* Each series Is presented verbally to the 
child at the rate of about one digit per second. ThCi child Is allowed 
as much time as needed to repeat the num^^iro In reverse order, but 
tlie series is read only once. 
Protocol . 

I WILL SAY SOME NUMBERS AND I WOULD LIKE YOU TO REPm 
THE SAJiE IIUMBERS, ONLY YOU ARE TO SAY THEM BACKI/ARDS. 
LISTEN CAREFULLY TO TIlE NUJIBERS I SAY. THEN SAY THE SAME 
NUHB£rS OKI.Y REMC1BER TO SAY THEM BACKVJARDS • 
LET'S PRACTICE A FEW. 

E presents the following 3 scries and provides 
correct responses for those which S answers 
Incorrectly * 
4, 2 
8, 0 
1. 6. 2 

that's good, sow \m*lX I-RY SOJIE more. LlSTliN CAREFULLY 
AND Rl'PEAT THE NUMBERS YOU TIEAR ONLY REMEMBER TO SAY THEM 
BACWifARDS. 
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Response Sheet . Mark + for correct, 0 for incorrect. 



7, 


6 


7, 


1, 


3 




3, 


4, 


6, 


9 


0, 


7 


5, 


8, 


7 




1, 


8, 


4, 


3 


4, 


3 


8, 


6, 


2 




9, 


5, 


3, 


2 


5, 


1 


8, 


1, 


7 




9, 


6, 


7, 


4 


6, 


9 


0, 


5, 


3 




7, 


3, 


0, 


5 


8, 


2 


8, 


4, 


1 




3, 


1, 


2, 


5 


5, 


0 


2, 


4, 


3 




2, 


3, 


8, 


1 


1, 


4 


6. 


2, 


0 




6, 


0, 


2, 


1 


9, 


8 


1, 


7, 


6 




6, 


5, 


7, 


9 


5, 


6 


3, 


8, 


1 




8, 


7, 


4, 


3 



Sc orjn f,* Terminate the task after 3 consecutive errors. Move to 
the next series after 5 consecutive correct responses and score a '1* 
for that colu?jn. Otherwise complete all 10 In the column. If 6 or more 
responses were correct, score a *1* for that column and move to the next 
column. If less than 6 responses were correct, record the nitmber of 
correct r(?sponses, n, as a decimal, .n. Sum the scores for each series and 
assifin a score to the total performance using the following criteria: 



0 


: 0 - 


0.9 


1 


: 1.0 


- 1.5 


2 


: 1.6 


-2.0 


3 


: 2.1 


- 2.5 


4 


: 2.6 


- 3.0 
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Hcafiuremciit Task 1 

Description * The experi:ienter (E) drives a toy car a predeternjlncd 
distance along the east/west road and then asks the subject (S) to drive 
the other car the same distance on the north/south road. S is given 
an unmarked strip and E suggests using the strip to find out exactly 
how far to drive the car. 





ft 




<^ 













Protocol . E places "cars" in their "garages." 



LET'S PRETEND THESE ARE REAL CARS AND THAT THEY ARE GOING 
FOR A DRIVE ON THESE ROADS. MATCH, THIS CAR IS GOING TO 
DRIVE Tins FAR. 

E moves one of the cars a predetermined distance. 
NOW, DO YOU THINK YOU CAN DRIVE IIIE OTHER CAR SO IT GOES 
JUST AS FAR? MJ'JCE SURE YOUR CAR DRIVES JUST AS FAR ON YOUR 
ROAD AS Ki CAR DROVE ON MINE. 

E produces a blank strip. 
THIS mY HELP YOU TELL HOW FAR TO DRIVE YOUR CAR. USE IT- 
' TO MEASURE. 
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If S uses perceptual judgmenr, . . . 
COULD YOU USE THIS STRIP TO MAKE SURE BOTH CARS l^ENT JUST 
AS FAR? 

If S docs not spontaneously use strip, E measures 
out distance of first car with the strip* 
SEE, I CAN TELL TE\T MY CAR WENT JUST THIS FAR* DO YOU THINK 
YOU COULD USE THE STRIP TO ^iAKE YOUR CAR GO JUST AS FAR AS 
MINE? 

Scoring * A score of 0, 1, or 2 is assigned according to the following 
criteria; 

0; used a perceptual strategy or used the strip in an non*tDeasureraent 

way, even after demonstration* 
1; Measured vith ^trJp but did not achieve an accurate solution, or 

me^isured successfully only after demonstration* 
2; Measured correctly with strip before dcinonstration, attended to both 

pairs of endpoints* 
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